Introduction
In mankind's enduring pursuit to go faster and further with greater economy and safety in its diverse variety of vehicles that travel across land and sea or through the air and space, we are taxing our materials to their utmost capabilities. Consequently, the need for accurate material models to describe the various physical properties of a given material is much more critical in the design and development of these vehicles than it has ever been, and this need can only be expected to continue to grow. 
Elasticity
The stress, (hi, is taken to be related to the infinitesimal strain, ei_, through the constitutive equations of an isotropic Hookean material, viz.
So=21.t(Eij-E_)
where _,=0,
and
which are characterized by the shear, t_, and bulk, _, elastic moduli, and where 
So=oo
where 1,j is any deviatoric "strain-like" tensor, and J_: is any deviatoric "stress-like" tensor. These are the norms of yon Mises (1913) , where the coefficients under the radical signs scale the theory for shear.
In the theory of creep, | "_Pllssis described by a kinetic equa- 
where 0 >0 is a thermal function, Z>_ 0 is the Zener parameter, and C>0 is a strength parameter that normalizes the stress.
The Zener parameter is a temperature normalized measure of the plastic strain-rate. Square brackets, [-] , are used throughout this paper to denote "function of," and are therefore kept logically separate from parentheses, (. (Note: A, C, and n are independent in Eq. (9) but not in Eq. (10).) Similarly, when the stress exceeds powerlaw breakdown, i.e., when IISll > C, Garofalo's Zener parameter reduces to the exponential relationship where A'= A/2 _ and C'= C/n, thereby designating dislocation glide as the rate-controlling mechanism.
The ability of Eqs. (7)- (9) to correlate the stationary creep-rate data of NARloy Z is demonstrated in Fig. 1 . The material constants obtained from this correlation are given in Table 2 . Because none of these data lie within the power-law domain, the exponential creep equation, Eq. (1 I), was used to determine values for A' and C' leading to the straight line fit shown in the log/linear plot of Fig. l(a) , where A'=5x 10 _ s -_ and C'=3.5 MPa for the predefined values of Q--450,000 J/mole (Lewis, 1970) and Tt; 400"C (assumed).
_Taking n = 4 (assumed), the values This seems to be an excessively large value for Q, but il is the only experimentally determined value currendy available to us. Fig.l(a) ......
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ISI (MPa) for A' and C' have been converted to those of A and C that are reported in Table 2 . The result is the curved line presented in the log/log plot of Fig. l(b) . We note that the value of C for NARloy Z, i.e., 14 MPa, obtained with this choice for n, i.e., 4, is in agreement with the value of C for Cu, i.e., 13 MPa, reported in Freed and Walker (1993a) .
This continuum representation for creep is well established. Our viscoplastic model reduces analytically to this creep model under steady-state conditions. Hence, the material constants that characterize this creep model also appear in our viscoplastic model, which simplifies substantially its characterization process.
Viseoplastic Flow
A general mathematical structure for viscoplasticity (Freed et al., 1991) may admit up to three kinds of internal state variables; they are: (i) the (scalar-valued) drag strength, D> 0; (ii) the (scalar-valued) yield stress, Y>_0; and (iii) the (deviatoric tensor-valued) back stress, Bit. The drag strength and yield stress account for isotropic hardening effects, while the back stress accounts for kinematic (flow-induced anisotropic) hardening effects. This particular choice for the flow law implies that a nested set of flow surfaces exists; they are surfaces of constant plastic strain-rate when evaluated under isothermal conditions. This constitutes a set of ellipsoids in deviatoric stress space that are centered on the back stress.
The kinetics of viscoplasticity are taken to be described by a Zener and Hollomon (1944) Many viscoplastic models have no distinct yield surface, i.e., they set Y to 0. The distinguishing feature between viscoplasticity (a rate-dependent theory) and plasticity (a rateindependent theory) is that viscoplasticity admits states both inside and outside of the yield surface (governed by a kinetic equation of state); whereas, plasticity admits only states that are inside and on the yield surface (governed by a consistency condition), but not outside of it. As a consequence, the plastic strain-rate is continuous as one moves from the elastic domain across the yield surface and into the inelastic domain of viscoplastic response; whereas, the accumulation of plastic strain is discontinuous as one moves from the elastic domain onto the yield surface in plasticity. The elastic domain of many viscoplastic models is shrunk to a point, as they do not admit a yield surface.
The internal state variables--Biv,
D and Y--are described by evolution equations that are functions of state. The back stress evolves rapidly when compared with the rates of evolution for the drag strength and yield stress, which is a source of mathematical stiffness in the governing equations of viscoplasticity. The evolution of the back stress accounts for the change in material stiffness that is observed during the transition from elastic to plastic behavior, while the evolutions of the drag strength and yield stress account for the more gradual work hardening processes that are caused by the overall accumulation of plastic deformation.
The internal variables are considered to evolve phenomenologically through competitive processes associated with strain hardening, strain-induced dynamic recovery, and time-induced thermal recovery. Their specific functional forms are presented later in Section 6, whose derivations are given in the conference proceedings' version of this paper, i.e., Freed and Walker (1993b) .
Creep ,= Viscoplasticity
In the process of going from creep theory to viscoplasticity, one must remove the steady-state constraint that is present in creep, and thereby extend the domain of admissible states to include transient behavior. In other words, viscoplasticity is capable of modeling both primary and secondary creep be- 
in support of experimental evidence, where Lss> 0 and _ > 0 are the steady-state fractions of applied stress that are associated with the internal stress (i.e., the back and yield stresses) and the drag strength, respectively, such that 1/2 < t++ < 1. The parameter f partitions the internal stress between isotropic and kinematic contributions, such that 0 <f< 1. The fact the drag strength is taken to be proportional to the saturation stress is a consequence of the fact that the drag strength represents the material's innate strength to resist plastic flow, i.e., D is a strength parameter--not a stress parameter. We take the internal stress to be a nonlinear function of the applied stress at saturation because that is what the experimental data of Argon and Takeuchi (1981) and Cadek (1987) suggest. A similar hypothesis to that of Eq. (16) is given in Freed and Walker (1993a) for the case where the internal stress is composed of two back stresses with no yield stress.
Because the applied stress and the back stress must be coaxial at steady state, as discussed above, it follows that
Therefore, upon equating the arguments of the Zener parameters in Eqs. (7) and (14), while utilizing Eqs. (16) and (17) (16) and (18) gives additional upper bounds for: the back stress, Restricting '_s to be real valued, and considering _. to be associated with the maximum attainable magnitude of internal stress, one finds on approaching the limit of zero stress that the ratio of internal stress to applied stress at steady state is at its maximum, i.e.,
C-Do
which is in reasonable agreement with Argon and Takeuchi's (1981) and (_adek's (1987) experimental observations. Approaching the limit of maximum stress, this ratio attains its minimum, i.e., 
The flow equation and kinetics that describe plastic straining are given by
respectively, with the von Mises norm of effective stress being defined by
The evolutions of back stress and drag strength are given by
respectively, such that Do<-D<Dmax, while the yield stress is related through the state function 
L ocJ
Restricting the drag strength to be bound by the interval /90-</)-</)max restricts automatically the remaining variables: 0_< IISII _ IISIIma, 0-< IIBII-< IIBllma× and 0---Y-< Ym_. The development of the evolution equations for the back stress and drag strength, along with the derivations of their associated material functions, are given in the conference proceedings' version of this paper (Freed and Walker, 1993b) . Also found therein is a detailed discussion of how one goes about char- (e-ev-oL(T -To) ), _P=sgn [a-13] ._ II_PlI) ,
and _=3H(_-_ given that a=011 = 3/2Sii,/3 =/311 = 3/2B11, e =_1_ and _P=e_l. As for the material functions, the above equations apply with the following alterations:
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